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DEFLECTION YOKE ARRANGEMENT
WITH OVERLAPPING DEFLECTION COILS

This invention relates to the field of deflection yokes for electromagnetic
deflection of scanned electron beams, wherein a main yoke section is provided
for primary deflection of the beams and an quxiliary yoke section accomplishes
a secondary deflection function. In particular, the invention concems main and
QUXlllGD/ yoke sections which are overlapped in a maonner effective to null
adverse effecfs of cross coupling between the main and auxiliary coils.

Deflection yokes for television picture tubes comprise pairs of conductor
colls bn opposite sides of the tube, which are energized with a cument for
producing a magnetic field hoving field lines infersecting the electron beam
path, the field lines being disposed perpendicular to the beam path. It is known
to employ main and auxiliary deflection yokes in a television apparatus. A main
yoke section provides a large amplitude electromagnetic deflection of the beam
for scanning in the horizontal and vertical directions as needed to define a
raster. '

An auxiliary yoke section can accomplish a number of additional
functions, including, for example, improving the convergence of the individual
red, blue and green electron beams in a color television project apparatus. An
auxiliary deflection yoke can be provided for defining alphanumeric characters
at a position in the raster determined by the main deflection yoke, using o vector
scanning of the beam at the desired position.

Another possibility is an auxiliary yoke for modulating the beam scan as a
function bf the video so as to control contrast, which is modulated by the beam
scan velocity.

An auxiliary yoke provides a deflection of a smaller amplitude than the
main. deflection yoks, and can provide deflection at high speed. The auxiliary
deflection yoke is placed to the rear of the primary defiection yoke, between the
electron guns and the primary deflection yoke.

The magnetic field produced by a coil naturally has a magnetic field

- intensity that extends spatially from the area of the conductors defining the coil.

The field decreases in ampilitude with distance from the coil conductors, Le., with
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distance along the Z axis. To minimize coupling between an auxiliary deflection
coil and a primary deflection coil on the same axis, it is possible to space the
auxiliory and primary coils from one ancther along the Z axis. However, ‘the
length of the picture fube is thereby increased. In addition to the physical length
of the deflection colls along the Z axis, the operative length of the deflection
system as a whole (primary plus auxiliory) determines the focal length of the gun-
deflection system, which forms an eleciron lens. Accordingly, o longer deflection
system must be spaced farther from the screen and results in poorer resolution ot
the screen. A compact deflection yoke arrangement is desirable as it enables a
shorter overall tube length. '
In a typical saddle shaped deflection yoke, as shown in FIGURES 2 and 10
of the drawings, the ends of the yoke at the axial extremes clong the fube are
formed such that the windings are superimposed to protrude radially of the tube.
In this manner, the maognetic field proceeding axially along the tube is more
sharply cut off at the axial end than occurs if the windings ot the axial end are
superimposed axially aiong the tube. As shown in FIGURE 4, the magnetic field
intensity proceeding axially tails off to near zero when passing the axial end of a

saddle shc:bed coil of this type. A saddie shaped coil of the type shown in

FIGURES 2 and 10 has heretofore been preferred. .

It is also known to provide o high permeability magnetic shunt between
the auxiliary coils ond the primary coils, e.g., o ferrous ring having a minimum
extension along the Z cxis as shown in AIGURE 10. The magnetic field fines are
confined to the high permeability shunt path, tending to localize the fields
produced by the respective coils and to better isolate the effects.of the primary
defiection coils and the owxiliary deflection coils. Notwithstanding these efforts,
some coupling of the primary and auxiliary deflection coils remains, in part
through the high permeability shunt. Accordingly, modulation of the auxiliary
deflection coils by the primary deflection signals (ond vice-versa) _couses.cuxiliary
deflection to vary with the position of the beam in the raster. and adveréely
affect convergence and color purity.

It is an aspect of the present invention fo eliminate cross-modulation
between the primary and cuxiliary deflection coils of a scanning eleciron beam
apparatus, by providing at least one coil with a magnefic field section of
negative poiarity, and deliberately coupling the two colils using the negative
polcrity secﬁéns to null the effects of coupling at positive polarity.
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It is also an aspect of the invention td reduce the dimensions clong the Z
axis of a deflection system having primary ond auxliary deflection coils, by
enabling the coils t© be placed close behind one another and preferably
overdapping one cnothér, with cross-modulation resulting from the proximity of
the coils cancelled.

It is a further aspect of the invention !6 provide o particuiar form of
deflection coil which prodboes a reversed poiarity field ot one end. whereby
positive cross coupling of the colls can be nulled by cross coupling the reversed
polarity fields in oddition fo cross coupling the main coil fields.

These and other ospects o}e found in a defiection coil system for an
electron beam aopparatus having o primary deflection coil and an auxiliary
deflection coil. The primary and auxiliary deﬁecﬁon coils are each .operable to
produce o respective magnetic field having o first polarity within an area
defined by the coll and an opposite poiarity in a second orea. Eoch of the two
coils is aranged such that part of the positive polarity field of each, and all of its
opposite polarity field at one end, are in each case coupled to the other coll,
thereby cancelling the effects of cross coupling of the primary and auxifiary
deflection coills, which are placed in proximity on the same axis, for example on
the neck and envelope of a television display tube. In an advantageous
arrangement, at least one of the primary and ouxiliary deflection coils is a
saddile shaped deflection coil and has a fiot end fum section, at substantially
defining the opposite polarity area. The primary and auxiliory deflection éoils
are overlapped on the tube over at least part of this section. '

Advantageously, both the primary defiection coil and the ouxiliary
deflection coil have such a fiat end tum section, the sections of each coil being
disposed on the axial end thereof directed toward the other coil, and the two
coils being at least partly overlapped. The auxiliary deflection coil can be o
saddle shaped coil dimensioned for mounting on a neck of a cathode ray tube,
ond the primary deflection field con be a fiaring saddie shaped coil that
extends along the neck and ontfo the funnel or fiaring section of the tube.

FIGURE 1 is an elevation view of a deflection coil system according to the
invention, only the ho;'izon’rcl deflection coils being shown;

FIGURE 2 is a partial section view through an axial end of a defiection coil
cccordirig to the prior art; ' ' :
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HGURE 3 is a partial section view through an axial end of a deflection coil
according to the invention; '

FIGURE 4 is o graph showing magnetic fleld intensity versus dispiacement
on the Z axis, charagteristic of the prior art deﬂeéﬂon coil of FIGURE 2;

FIGURE § is a graph showing magnetic field infensity versus displacement
on the Z axis, characteristic of the deﬂecﬁon- coil according to the invention,
namely as shown in FIGURE 3;

FIGURE 6 is a partial section view throu_gh axial ends of two deflection
colls according to the invention, on the same axis and in a first position;

FIGURE 7 is an H vs. Z graph comresponding to FIGURE 6;

FIGURE 8 is a portial section view os in FIGURE 6, wherein the axial ends
are arranged to overlap;

FIGURE @ is an H vs. Z graph corresponding to FIGURE 8;

FIGURE 10 i5 a partial sécﬁon view through o full deflection yoke
arrangement according to the prior art;

FIGURE 11 is a partial section view through a full deflection yoke
arrangement according fo the invention; ond,

FIGURE 12 Is @ section view taken along lines 12-12 in FIGURE 11.

FIGURE 1 flustrates a deflection coit system for an electron beam
apparatus in the form of a television picture tube 20. Electrons produced by
one or more electron guns disposed at the rear 24 of the picture tube 20 are
accelerated toward viewing screen 22, which bears phosphors on on inner
surface, 1o be excited by the electrons and thereby produce ‘a visual display.
The electrons are accelerated along a Z axis, substantially along a center line of
tube 20, and with deflection caused by operation of the deflection coils, through
neck 26 and funnel shaped envelope 28. The electron beam is deflected
magnetically for scanning on the screen to e.g. obtain a raster, when deflection
is performed in a raster scanning mode.

Magnetic fields are produced via deflection coils placed on the neck 26
and partly on the funnel shaped envelope 28 of the tube 20. In FIGURE 1, only
the horizontal deflection coils are shown, however, vertical deflection coils are
also provided, as expiained in more detail hereinafter. The coils for each axis of
the field are provided in pairs, one on each side of the tube.

' For obtaining horizontal deflection for iine scanning, primary horizontal
colls 32 are disposed on opposite sides of tube 20. Primary horizontal coils have '
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windings 34 which define loops orented generally in a horizontal plane.
Accordingly, the magnefic field produced by coils 32 has field lines disposed
generally vertically across the path of the electron beam. The coils are

energized by a sowtooth cument at the horizontal line scanning frequency, ond

therefore cause the electron beams fo tfrace horizontal lines on screen 22,
Similarly, primary vertical deflection coils {(not shown in FIGURE 1) define loops
disposed generally verlically, producing field lines oriented generally horizontally,
and deflect the eleciron beam vertically ot the vertical scanning rate.

Typically, the horizontal and vertical primary deflection coils are mounted
together in a deflection yoke having on external housing (not shown) and
residing on the neck 26 at its junction with the funnel shaped énvelope 28, such
that the forward porfion of the deflection coils extend onto the funnel 28.
Preferably, the deflection yoke is as short as possible along the Z'cxis (the tube
center line), such that the focal iength of the deflection system, which defines o
magnefic lens, is short and the overall iength of the apparatus in minimal. The
deflection yoke itself is formed of a pluraiity of individual conductors and may
include a high permeability body or core, not shown in FIGURE 1, for example of
ferrite, for confining flux leckage.

The auxiliary deflection coil system is provided according to the invention
to produce any of a number of additional deflections that may be desirable, as
stated previously. The auxiliary defiection coils 42 are provided to the rear of the
primary deflection coils 32. FIGURE 1 illustrates horizontal auxiliary deflection coils,
however, vertical auxiliary deflection coils may be included to obtain mutually
perpendicuiar magnefic deflection fields. Typically, the amplitude of the auxiliary
deflection field is relatively smaller than the omplitude of the primdry coils, which
provide horizontal and vertical scanning.

A coil having a current passing through it produces magnetic field lines
having a first polarity within the loop defined by the coll. and an opposite
polarity outside of the ioop. Of course in connection with controlled deflection, it
is normally desirable o minimize the exent to which the opposite polarity field
deflects the electron beam. As shown in FIGURE 2, a saddle shaped coil 54
having a laterally protruding section 52 at its axial end along the Z axis can be
used to minimize the conceniration of the negative polarity field within the tube
20. This configuration provides a magnetic field intensity HO versus Z axis
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displacement characteristic of curve 58, as shown in FIGURE 4, where HO is the
main or Gaussian component (i.e. uniform field) of the deflection field.

A more comi::lefe depiction of all the respective colls of a typical prior art
primary/auxiliory deflection system is shown in FIGURE 10, wherein a high
permeabliity annular disc 94 is disposed between the primary coils and the
auxliaty coils. Each of the primary horizontal coil 84, primary vertical coil 86,
auxiliary horizontal coil 88 and ouxiliary vertical coil 92 has rodially directed or
turned up end turns.

inasmuch as the respective coils of g deflection system are disposed
along a common aoxis (the Z axis), some Ccross coupling occurs nohvi’rh.sfonding
efforts 1o control the positions of the magnetic field lines. Cross coupling is -
nommally undesiraoble because the extent of auxiliary deflection is thereby

‘modulated as a function of the position of the beam in the raster, os set by the

primary deflection coils.

According to an invention arrangement, however, means are provided to
deliberately cross couple the fiélds of the primary and auxiliary deflection
systems in a manner that cancels the effects of the cross coupling.

A primary deflection coil 32 is configured to produce a deflection field
having a first polarity within a first region defined by the coll, and an opposite
polarity in a second region. The auxiliary deflection coil 42 is also configured to
produce a deflection field hox}ing a first polarity in a first region and an opposite
polarity in a second region. The prmary deflection coil 32 and the auxiliary
deflection coit 42 are theh cross coupled such that the opposite polarity areas of
the primary and auxiliary defliection coils cancel cross coupling at. the first
polarity. ' .

The primary and auxiliary deflection coils 32 and 42 may be deflection
coils of a video display tube 20, wherein cross coupling results at least partly
from proximity of the primary and auxiliary coils on the tube, the respective coils
being disposed on a common Z axis defined by the fube 20. At least one of the
prir'naty and auxiliary deflection coils 32 and 42 is a saddle shaped deflection
coil, however, a section 62 of the coil as shown in FIGURE 3 is a flat end tun at
one end of the coll. This configuration produces an HO versus Z curve 68 as
shown in FIGURE 5. A. region 70 occurs along the Z axis, wherein the polarity of

the field produced by the coll is opposite from the polarity within the loop of the
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respective coil. The opposite polarity region oorresponds to the elongacted
section 62 at the axial end of the coil 64.

With reference to FIGURES 6 and 7, if two colls 32 and 42 are disposed
end to end along a fube 26, the negative polarity sections 70 obtained ot the
axial end of each of the coils still couples with the other of the colls. The cross
coupling is at the negative polarity, i.e., 180 degrees out of phase with the field
obtained In the loop of the respective coil. This cross coupling is negative but
still undesirable because it produces a modulation of the auxiliary deflection as
a function of beam position in the raster,

- According to on inventive aspect as shown in FIGURES 8 and 9, the
primary and auxiliary deflection coils 32 and 42 are overlapped on the tube over

at least part of their respective end tum sections 36 and 46. As ¢ resulf, the coils -
are cross coupled in port olong their positive polarity area, shown os 72 in

FIGURE 9, os well as dlong their negative polarity areas 70. By corectly
positioning the two coils 32 and 42, ond in particular by overlapping the end tum
sections 36 and 46 thereof by the required extent, it is possible fo substantially

cancel the cross coupling by providing equal amounts of coupling in phase and

180 degrees out of phase.

An embodiment of the invention is shown in cross section in FIGURES 11
and 12. The auxiliary defiection yoke includes a horizontal deflection coil 106
and a vertical deflection coil 108, both dispoéed to the rear of the primary
defiection yoke along the tube. FIGURE 11 is a cross section through the center
line of the deflection apparatus showing the upper half of the deflection
apparatus, a mirror image of the conﬁguraﬁon‘ shown being provided on the
lower side. The auxiliary deflection coil 106 has a fiat, front end tum section 46
at a forward end of the auxiliary defiection coll 106. The primary deflection coil
102 has o fiat, rear end tum section 36 at a rear end. The sections of the
primary and auxiliary deflection coil are af least partly overlapped, namely by
the amount needed 1o cancel the effects of cross coupling by coupling the coils
at both positive and negative polarity, in a balanced manner. The particular
extent of overlap depends in part on the geometry of the elongated sections 36
and 46. Adjustment means (not shown) can be provided, for example axially
orientfed screws oﬁaching' the respeciive primary and auxiliary coils to one
another or to a yoke hous;ng such that the exact overap needed for cancelling
cross coupling can be obtained adjustably.

hmlsliiiﬂliliill i
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A similar overlapping arrangement is provided for the verfical coils 104
and 108 of the primary and auxiliary deflection yokes, respectively. The overlap
can be seen in FIGURE 12, which shows a cross section in the area of the
overiap. The axial ends of the coils which face away from the area of overlap
can be provided with tumed up end tums. Except for the parficular ones of the
end tumns which are overdapping ends of the coils, the coils can be arranged in
a known manner,

The overall deflection system provided by the invention is substantially
shorter along the Z axis than a comparable ‘configuration according to the prior
art, as will be apparent from a comparison of FIGURES 10 and 11. While the prior
art system is characterized by spacing of the 'primory coils 84, 86 from the
auxiliary coils 88, 92, as well as the use of a.flux confining element 94, the
overiapped arrangement of the invention is shon‘e( than the individual lengths of
the primary and auxiliary coils. The focal length of the deflection system as @
whole is short, as is the overall length ciong the Z axis, whereby a shorter picture
tube is made possible. In addition, the precision of primary and auxiliary
deflection is improved.
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1. A deflection coil system, comprising :

a pdmary deflection coil operable té produce an electron beam
deflection field having a first polarity within a first region defined by the coil and
an opposite polarity in a second region;

 an auxiiary deflection coil, also- operable to produce an electron beom
deflection field having said first polarty in a first region and said opposite
polarity in @ second region; and wherein, |

the primary deflection coil and the auxliary deflection coil are
superimposed such that the opposite polarity regions of the primary and cuxiliary
deflection coils substantially cancel cross coupling of the primary and cuxiiary
deflection coils.

2. The deflection coil system according to Claim 1, wherein the primary
and auxiliary defiection coils are deflection coils of a television display tube, and
wherein the cross coupling of the primary and auxiliary deflection coils results at
least paortly from proxim}fy of the primary and auxiliary colls on the tube.

3. The deflection coil system according to Claim 2, wherein at least one
of the primary and ouxiliary deflection coils is a saddle shaped defiection coil.

4. The deflection coil system according to Claim 3, wherein at least one
of the primory deflection coil and the auxiliary deflection coll has a fiat section,
flat end turn, substantially defining the opposite polarity area, and wherein the
primary and ouxiliory g:ieﬂecﬁon coils are overapped on the tube over af least

~ part of the end tum section o thereby cross couple part of the positive polarity

areas and all of the opposite polarity areas.

5. The deflection coil system according to Claim 4, wherein the auxiliary
deflection coil is disposed to the redar of the primary deflection coil along the
tube, and the auxiliary defliection coil has said fiat end tumn section adjacent a
forward end of the auxiliary defiection coil.

A IIII
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6. The deflection coil system according o Claim 5, wherein the primary
deflection coil also has a flat end tun section, the end tum sections of the
primary and auxiliary deflection ¢oils being ot least partly overiapped.

7. The deflection coil system according to Claim 1, wherein the owdliary
deflection coil is a saddle shaped coll dimensioned for mounting on a neck of a
cathode ray tube, and wherein the cuxiliary deflection coil has on end tumn
section which is flat against the neck of the tube, said end tum section providing
the opposite polarity field, and wherein the primary deflection field at least partly
overiaps the auxiliary deflection coil in an area of the end furn section.

' 8. The deflection coil system according to Claim 7. wherein the primary

" deflection coll is a saddle shaped coil provided with o flat end tum section, the

primary and auxiliary deflection coils being mountable successively on the tube
so as to overlap at least partially in the area of the respective flat end tum
secftions.

9. The defiection coil system according to Claim 8, wherein the flat end
tum sections of the primary and auxiliary defiection coils are disposed on facing
ends thereof, whereby the primary deflection coil is mountable on an envelope
of a television tube and the auxiliary deflection colil is mountable on a neck of
the tube, partially overiapping the primary deflection coil at the flol end tumn
sections. )

10. The deflection coit system according to Claim 9, comprising a primary
deflection yoke and an cuxiiory deflection yoke. each of said yokes having
horizontal deflection coils and vertical deflection coils oriented to produce a
magnetic field in axes perpendicular to an axis of the electron beam, and
wherein each of said ooils has at least one nega‘ave polarity section coupled to
an additional one of said colls.

11. The deflection coill system according fo Claim 10, wherein each of
said yokes has coils in two mutually perpendicular axes perpendicular fo said
axis of the electron beam.
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12. A scanning electron beam display, comprising:

a tube defining ¢ neck and an envelope, at least one electron gun being
disposed in o neck of the fube and operable to produce a beam of electrons
to be accelerated through the neck and through the envelope toward a dispiay
surface at an opposite end of the tube;

at least one primary deflection coil for deflecting said beam in at least
one of two mutually perpendicular directions on the display surface, the primary
deﬂecfion cofl having a saddle shaped configuration and bsing mounted on the
envelope of the tube, for producing a magnetic field perpendicular to the beam
of electrons; |

at least one auxliary deflection coil having a saddle shaped
configuration and being mounted on the neck on a common axis with the
primary deflection coil, the auxiliary deflection yoke producing a magnetic field
substantiolly paraliel to that of the primary deflection field, centered at a point
spaced therefrom -along the common axis;

at least one of said primary and secondary deflection coils being
aranged to produce a magnetic deflection field of a first polarity in the tube
and a supp!erhemal field of an opposite polarity at an end of the coils along
the axis of the tube, said primary and auxliary deflection coils being mounted
relative to one another on the tube such that the supplemental field of said coil
coupies to the other of the primary and auxiliory deflection yokes, whereby
coupling between said primary and secondary deflection coils at the first polarity
is substantially cancelled.

13. The scanning electron beam display according to Ciaim 12, wherein
at least one of the primary deflection coil and the auxiliary deflection coil has a
fiat end turn section, substanticlly producing the supplemental field at the
opposite polarity, and wherein the primary and ouxiliary deflection coils are
overlapped on the fube over ot least pdrt of the fiat end tumn section.

14. The scanning electron beam display according to Claim 13, wherein
the auxiliory defiection coil is disposed to the rear of the primary deflection coil
along the tube, and the auxliary defiection coll has said fiat end fum section
adjacent a forward end of the auxiliary deflection coil.
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16. The scanning electron beam display according to Claim 14, wherein

the primary deflection coil also has a fiat end tum section, the end tum sections
of the primary and auxiliary deflection coils being ot least partly overiapped.

16. The scanning electron beam .display according to Claim 12,
comprising a primary deflection yoke ond an auxiliory deflection yoke, each of
sqid ybkes having horizontal deflection coils and vertical deflection colls oriented
to produce a mobneﬁc field in axes perpendicular to an axis of the eleciron
beam, and wherein each of said coils has at least one negative polarity section
coupled fo an additional one of said cols. '

17. The deflection coil system according to Claim 10, wherein each of
said yokes has colls in two mutually perpendicular oxes perpendicular to said
axis of the electron beam. ' :

18. The deflection coil system according fo Claim 17, wherein at least
some of the primaty deflection coils and the auxiliory deflection coils have a fiat
end-tum section, overlopped with a fiat end tumn section of another of said
primary deflection colils and said auxiliary defiection coils, said end tumn sections
substantially defining respective opposite polarity areas of said colls.

19. A deflection yoke arangement, comprising:

a first deflection coll located along the longitudinal axis of a cathode ray
tube and operable to provide a first deflection field inside said tube for
deflecting an electron beam that is traveling inside said tube toward the viewing
screen; _ _

a second deflection coil located along said longitudinally axis and
displaced longitudinally from said first deflection coil and operable to ‘provide a
second defiection field inside said tube for providing additional deflection of
sald electron beam, '

wherein the fwo deflection coils are positioned along the longitudinal axis
1o provide an overlap of the rear end tum section of one of the coils. with the
front end tum section of the other coil.

-
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20. An arrangement according to Claim 19 where each of the colls is.
saddile shoped, with of least one of the rear end fum section of said one coil
and the front end tum section of the other coil being of the flattened
construction.

21. An arangement according to Claim 20 where both of the
oforementioned end fum sections are of the fiattened construction.

22. A arangement according to Claim 21 wherein said first and second
deflection fields each are of elther the horizontal or vertical deflection type.

23. An aorangement according to Claim 19 wherein said one coill is said
first coll, wherein the first deflection field has a first polarity within a first region
defined by the rear end tumn section and on opposite polarity in a second
region, wherein the second deflection field has o first polarity within a first region
defined by the front end turn section and an opposite polarity in a second
region. said overiap resulting in the superimposing of respective poiarity regions
of the two coils in o manner which substantially cancels cross coupling of the
two coils.

24. A arrongement according to Cloim 21 wherein said first and second
defiection fields each are of either the horizontal or verfical deflection type.

25. An arrangement according to Claim’ lb where each of the coils is
saddle shaped with, at ieast one of the rear end tum section of said one coil
and the front end tum section of the other coil being of the flatiened
construction.

26. An amangement according to Claim 25 where both of the

aforementioned end turmn sections are of the flattened construction.

27. An cfrongeﬁwenf according to Claim 26 wherein said one coil is said
first coll, wherein the first deflection field has a first polarity within a first region
defined by the rear end tum section and an opposite polarity in o second
region, wherein the second deflection field has a first polarity within a first region

T L R
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defined by the front end turn section and an opposite polarity in a second
region, said QVenap resulting in the superimposing of respective polariiy regions

of the two coils in a manner which substantially cancels cross coupling of the
two coils,

A )



